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DNA extraction
DNA extraction from single colonies of E. coli was obtained by boiling centrifugation method. For this, overnight culture was suspended in 200 μl of sterile distilled water and heated at 90°C for 10 min. Cellular debris was removed by centrifugation and the supernatant was used as a template for polymerase chain reaction (PCR).
Screening of Class 3 integron
Screening of the isolates for the presence of Class 3 integrase gene was done by PCR using bacterial DNA as the template. The PCR conditions were 94°C for 2 min followed by 34 cycles at 94°C for 15 s, 55°C for 40 s, 72°C for 1 min and final extension at 72°C for 5 min using primers intI3F and intI3R [ Table 1 ].
Amplification of gene cassettes
Isolates which were found to be positive for Class 3 integron were further processed to amplify the gene cassettes present within them using primers attI3 L and Class 3R [ Table 1 ]. The PCR conditions were 95°C for 3 min followed by 34 cycles at 95°C for 20 s, 50°C for 45 s, 72°C for 2 min and final extension at 72°C for 7 min.
Amplification of whole Class 3 integron
Class 3 integrase-positive isolates were further subjected to PCR for amplification of whole Class 3 integron using primers intI3P and HS287 [ Table 1 ]. The PCR conditions were 95°C for 2 min followed by 30 cycles at 95°C for 15 s, 50°C for 1 min, 72°C for 2 min and final extension at 72°C for 7 min. The amplified products were purified and sequenced using Sanger's method. Sequences were compared using BLAST search (http://www.ncbi.nlm.nih.gov/BLAST).
Cloning of Class 3 integron
The genetic array of gene cassettes within the variable region of Class 3 integron was determined by cloning the amplified products on to pGEM-T vector (Promega, Madison, USA) and transformed into E. coli DH5α. Transformants were selected by blue-white screening method. The whole procedure was done as per the manufacturer's instruction (https://www.promega.com/-/./ pgem-t-and-pgem-t-easy-vector-systems-protocol.pdf).
Screening of Class 1 and 2 integron
Isolates showing Class 3 integrase-positive were subjected to multiplex PCR for the presence of Class 1 and 2 integron. The PCR conditions followed were 94°C for 3 min followed by 32 cycles at 94°C for 20 s, 54°C for 20 s, 72°C for 1 min and final extension at 72°C for 5 min using primers int1F and int1R for Class 1 integron and int2F and int2R for Class 2 integron [ Table 1 ].
Antibiogram profiling
Antimicrobial susceptibility testing was carried out by Kirby-Bauer disk diffusion method. The applied antimicrobials in disk diffusion method were as follows: amikacin (30 μg), ampicillin (10 μg), ciprofloxacin (5 μg), co-trimoxazole (25 μg), gentamicin (10 μg), imipenem (10 μg), piperacillin/tazobactam (100/10 μg), polymyxin B (300 units) and tigecycline (15 μg) (Hi-Media, Mumbai, Maharashtra, India). The results were interpreted as per the Clinical and Laboratory Standards Institute criteria. [8] 
Typing of the isolates
The isolated organisms were typed by enterobacterial repetitive intergenic consensus (ERIC) PCR. [9] The PCR conditions were 95°C for 3 min followed by 30 cycles at 95°C for 20 s, 46°C for 40 s, 72°C for 3 min and final extension at 72°C for 10 min rEsults All the confirmed isolates of E. coli were subjected to screening for the presence of Class 3 integron and were observed that 27 isolates were harbouring this class [ Table 2 and Figure 1 ]. Gene cassettes with size ranging from 300 bp 
integron investigated has size ranging from 500 bp to 1.5 kb and was found in 16 isolates. Sequencing results revealed nine different types of cassettes array. Arrangement I with insB, orfA, orfB and orfC was found in two isolates. In arrangement II, single-cassette iroB was found which was observed in only one isolate. This is followed by arrangement III with single-gene cassette glycerol kinase (glpK) which is the most prevalent and found in six isolates. Arrangement IV consists of single gene cassette glpX which is observed in only one isolate [ Figure 2 ]. One isolate with arrangement V containing gene cassette array traO and traM was observed. Arrangement VI with gene cassettes traM, traN and bla CTX-M was found in two isolates. This is the only arrangement containing antibiotic resistance gene. Single-gene cassette lolA consists of arrangement VII which is observed in one isolate. Arrangement VIII and arrangement IX showed the presence of single gene cassette traM and traO, respectively, in one isolate each [ Figure 2 ]. While testing the susceptibility pattern of the clones of arrangement VI, it was observed that the clones were resistant towards broad-spectrum penicillins and third-generation cephalosporin such as cefotaxime, ceftazidime and ceftriaxone.
Co-existence of more than one type of integron was also observed as 14 isolates were found to be positive of both Class 1 and 3 integron, three isolates harbour both Class 2 and 3 and only one isolate harbour all the three types, i.e. Class 1, 2 and 3 integron [ Table 3 and Figure 3 ]. Susceptibility profiling was done for all the Class 3 integrin-positive isolates against nine different types of antibiotics, and the results had shown that high levels of resistance were found against piperacillin/ tazobactam (88.88%) followed by ciprofloxacin (85.18%) and ampicillin (70.37%) [ Table 4 ]. While testing the clonal diversity of the 27 Class 3 integrin-positive isolates by ERIC PCR, 13 different haplotypes of E. coli were observed [ Figure 4a and b].
dIscussIon
In this study, the existence of Class 3 integrons was confirmed in 13.5% of clinical E. coli isolates which was found to be lower compared to the previous studies. [10, 11] Although our finding showed less frequency than other studies, this can be considered as a unique finding as Class 3 integron is rarely found, and also, there are no reports regarding the detection of Class 3 integron from this part of the world. Sequencing of gene cassettes within Class 3 integron indicates the presence of nine types of gene cassette arrangements; insB-orfA-orfB-orfC, traO-traM, traM-traN-bla CTX-M , iroB, glpK, glpX, lolA, traM and traO in which glpK, coding for glpK responsible for metabolic functions in E. coli, was found to be the most prevalent gene even though an extended spectrum β-lactamase gene bla CTX-M gene showing resistance to third-generation cephalosporins such as cefotaxime, ceftazidime and ceftriaxone was also recorded which was also evidenced elsewhere. [12] Our finding revealed that more than one type of gene capture mechanism is present which helps in the transmission of antibiotic resistance. Presence of Class 1 integron is indicative of lateral transfer of resistance determinants among clinical isolates in this setting. The co-existence of more than one type of integron indicates the high mobility of the resistance gene within intra-and inter-species level that is also in agreement with previous studies.
[ [13] [14] [15] [16] [17] As the Class 3 integrin-positive E. coli showed the least resistance pattern towards the cationic antimicrobial peptide (CAP), polymyxin B, it may be stated that this group of antibiotics is still effective and could be a treatment option of bacterial infections from this region.
conclusIon
Although Class 3 integrons are previously reported for carriage of antibiotic resistance, we observed in our study that this gene capture mechanism is predominantly associated for carriage of different genes responsible for bacterial metabolic activities. This finding is unique and not reported elsewhere. Therefore, it could be established that in this region, bacterial survival by essential metabolic activities is also encoded through Class 3 integron. Besides carrying genes for metabolism, two isolates were found to harbour bla CTX-M with Class 3 integron which emphasises its role in carriage of cephalosporin resistance in these hospital settings. Our study advocates the need for continued surveillance as well as further investigation of those Class 3 integrons and their gene cassette to determine the impact and conditions for molecular acquisition of these genes within E. coli and how they help in survivability and adaptability of bacteria. This study is of epidemiological interest and provides an effective device for surveying genetic environment of hospital isolates in this geographical area. 
